The article focuses on evaluation of human reliability in the human -machine system in the railway industry. Based on a survey of a train dispatcher and of selected activities, we have identified risk factors affecting the dispatcher's work and the evaluated risk level of their influence on the reliability and safety of preformed activities. The research took place at the authors' work place between 2012-2013. A survey method was used. With its help, authors were able to identify selected work activities of train dispatcher's risk factors that affect his/her work and the evaluated seriousness of its influence on the reliability and safety of performed activities. Amongst the most important finding fall expressions of unclear and complicated internal regulations and work processes, a feeling of being overworked, fear for one's safety at small, insufficiently protected stations.
INTRODUCTION
Human error is inevitable and reducing accidents and minimising the consequences of accidents that do occur is best achieved by learning from errors, rather than by attributing blame. Feeding information from accidents, errors and near misses into design solutions and management systems can drastically reduce the chances of future accidents. Hence, studying human error can be a very powerful tool for preventing disaster [1] . Due to the effect of many factors, it is very important to express the values of probability of a mistake caused by a human. However, it can be very easily identified which factors affect a person's performance (PIF), one type of mistake can be affected the most. The critical role assigned to HF in design and safety assessment depends on the widespread use of automation and its impact on human errors. Automation improves performance of routine operations, aims at reducing workload, and sucessully limits most human blunders at behavioural level. However, automation introduces a variety of safety critical issues due to 'errors' of cognition, which are particularly correlated and strongly affected by socio-technical contextual conditions, e.g. training and experience, physical working environment, teamwork, etc. [2] .
Reliability of human factors is understood as an inseparable part of risk evaluation. Many authors deal with the method of human reliability evaluation [3, 4, 5] . Evaluation of human reliability or errors is a very important process that requires fundamental knowledge of the system that is of objects, equipment, identification of risks, work activities and mainly individuals'characteristics -employees. The term "human error "sounds very simple, however, it had not been clearly identified for a long time. In 1990 human error was defined as a generally used expression, which included all incidents within a planned chain of mental of physical actions that do not lead to achieving planned results, while these errors cannot be affected by other accidental effects. As a result, an error occurs when a goal or a required result is not achieved and this is a deviation from the required state. Bogdanovská [6] classifies two groups of human errors: errors caused by omission and execution errors. The first group consists of human errors that results from lack of attention, for example from forgetting, from not noticing a signal, etc. The second group is characterized by activities that are incorrectly performed, either in the wrong order, too early or too late, on a too small a scale, in the wrong direction, and other.
The presented research focuses on identification and evaluation of potential human factor errors in the humanmachine system in the railway industry. The research took place at the authors 'work place between 2012-2013. A survey method was used. With its help, authors were able to identify selected work activities of train dispatcher's risk factors that affect his/her work and the evaluated seriousness of its influence on the reliability and safety of performed activities. E. SUJOVÁ, H. ČIERNA, M. MOLENDA -Evaluation of human reliability in selected activities in the railway industry tion vehicles and transportation equipment to break down, are not only dependent on the technical state of machines and equipment, but are also dependent on human factors. We can state that a given system fully exhibits relationships of a basic model of a relationship with a human factor, of a technical instrument, and of the environment in which the evaluated process is taking place. Figure 2 shows the interaction between humans and machines. In order to have a given task done, both elements are indispensable. Besides very few craftsmen or artists, no one can pretend working without the help of machines. On the other side, machines do not have intuition and intelligence abilities. They need orders like setup, start and (emergency-) stop operations. The human worker gets feedback from the machine: control parameters, alarms and other data. Only humans can understand these machine data, work them out, analyse them and transform them to new machine inputs. Humans are not ready to live in a fully automated society. The full automated airliners that Airbus tried to develop were refused by the consumers. Who would sit in plane without pilot? We see at that point, that fully automated systems are not yet possible. Interaction between human and machine will always exist. Both machines and humans are subject to errors and influence the quality of a product. The way risk is assessed for machines and humans is very different. Automated processes -done by machines -are exposed to few external influences, which are known and can be controlled. A machine delivers statistical data [1] .
Risks occur in all aspects of a social life, in natural environments as well as in technical processes. From a general point of view and depending on reliability on the origin, risks can be divided into two groups:
 dependent on human activities -anthropogenic risk,  risks not dependent of human activities -natural risks.
Anthropogenic risks are connected to human activities in the process of creating optimal conditions for life. Humans are constantly adjusting natural conditions according to their needs and expectations to create an optimal living environment. These activities, however, often a direct hazard to nature, are connected to an array of risks, which can be a source of such hazard. One group of anthropogenic risks consists of sociogenic risks. These are tied to social phenomena, to behavior of an individual who has a personality and has individuality. They do however depend on the following:
 quality of work of an individual,  people's ability to communicate amongst themselves,  effectiveness of management of work teams,  working conditions created for employees, and  level of quality of services provided to customers. In practice, the most common is a combination of anthropogenic risks. In production and in services it is predominantly a combination of technogenic and sociogenic risks. Combined risks are a lot more dangerous than pure antrhopogenic risks and the probability that a risk will occur as a result is very high. On the other hand, is a more complicated process to lower these risks and risk prevention. It is demanding both on material and human resources [7] .
Human organisms can be burdened in a work process by many forms of workloads, which can be characterized as a combination of two of its basic burdens -physical burden and psychological burden. Physical burden is in the legislation defined based on available values of physiological factors of burden at work: energy release and heart frequency, it is quantitatively defined. Our research focused on physical burden, which is an important factor that affects a person in their work activity and which greatly affects a person's reliability. Psychological burden of an employee is his/her internal interpretation of difficulty of tasks, also stress from work. Effects from the outside environment (including working environment) are demonstrated in behavior, in activities of physical functions and processes and can be responsible for a state called burden -stress or astate, which can a trigger a mechanism to develop a psychosomatic illness, professional illness. Stress in our times represents a real threat [8] . Broken social and physiological relationships at workplace in the form of not constructive disagreements between individuals naturally lead to such damaged behavior at work, which can cause an accident or an injury. Psychological burden is a factor that weighs on an organism that requires physical activity, psychological engagement with requirement and stimuli from the environment. We differentiate three forms of psychological burdens: sensory, mental and emotional. Sensory burden stems from demands to perform an activity by organs with peripheral capabilities and their structures of the central nervous system. This includes eye strain and hearing strain. Mental burden is a result of demands to process information that demand physical functions and psychological processes, such as attention, imagination, use of memory, thinking and decision making. Emotional burden results from demands that cause a response [9] .
Characteristics of work and of work environment evaluated based on psychological burden at work are:
 infrequent work load or work under time pressure,  internal temperature at workplace,  how monotonous work is,  noise level or other factors distracting groups I and II at work,  social interaction,  material and organizational responsibility,  risk of one's health or life threat of other persons,  shift work, overtime or night shift,  non-standard work environment, and  physical comfort. The basic starting point when evaluating psychological burden is not only the fact that actual work can be a factor for a given person (employee), but also that work can be optimal for the employee's education and motivation. However, it is performed in unfavorable conditions, under unfavorable conditions which burden a given person [8] .
RESEARCH METHOD

Analysis of Work Activities and Characteristics of a Position "Train Dispatcher"
Transportation infrastructure and technology used in various kinds of transportation are a source of hazards that need to be thoroughly analyzed and we need to find ways how to eliminate them. Transportation technologies are defined by norms and internal regulations. A considerable problem is adherence to these, including using resources for safe work environment and using prescribed protection resources. It is necessary to create an efficient control mechanism, as a basic tool to decrease risks [7] .
When studying transportation systems and the role that humans play in them, it is necessary to start with a general analysis of a system, which includes the following:
 administrative analysis that allows setting of employee's responsibilities at a specific place of work, division of roles within a system,  technological analysis, that determines behavior at work from a chronological point and working studies,  psychological analysis that sets in place a structure of abilities and mental capacity for a person's reliable performance,  ergonomic analysis, which is based on analysis of physical, biological and psycho-sociological working conditions, including analysis of a work regime and rest as well as analysis of machines and technical equipment in transportation systems and from a psycho-physiological demands on employees when using these [10] .
In our research we focused on psychological analysis, that is, evaluation of risk factors that affect work and reliability of humans in terms of the selected profession in activities of railway transportation. We evaluated a position of train dispatcher, which in the analyzed field represents a high responsibility and high risk position. A dispatcher controls and manages railway traffic at a given train station or at a given section of a railway track. This position has high demands on adaptability, short term memory, accuracy, precision, ability to take responsibility, to divide attention, to use a wide eye angle, to distinguish colors and shades of colors, to be alert, to remain balanced, to have good spacial vision, to concentrate, to visualize processes and foresee events, to think, to be flexible, self-control, self-discipline, independence, decision-making, resistance to sensory burdens, organization skills, self assurance, ability to act promptly, ability to be social, ability to adapt eye sight to light and darkness, to distinguish sound intervals, long term memory, constructive and spacial imagination, and practical thinking [11] .
Methodology of Evaluation of Reliability of Work Activities of a Dispatcher
The aim of the analysis was to identify possible errors of employees during their work activities that can potentially affect safety and frequency of railway transportation and to evaluate factors that can influence their performance at work.
Before performing an analysis, it was necessary to fully understand work organization and all processes and working activities of a dispatcher. We have studied technical and documented materials about equipment and technology, as well as the company's organizational and technical regulations, written directives, norms and safety requirements, statistical data about accidents and injuries.
From this information we have created a list of potentially hazardous activities, indicating errors that can occur during regular activities as well as in emergency situations and we have identified factors that potentially lead to these errors.
The next step was to add to each identified hazard a threat. It was necessary to identify how a dangerous event can occur, that is, how could material value and human lives be at risk.
We have determined existence of risk factors and consequently their existence based on a survey method. The survey aimed to find and evaluate factors that affect a reliable or unreliable performance of a human. These were negative factors of work and work environment. We evaluated work organization and social environment at the workplace [11] .
Based on evaluation of the survey we have entered factors that affect safe and reliable performance of dispatchers and evaluation of PIF (Performance Influencing Factors) [2] . In Table 1 . we divided affects of PIF based on productivity, comfort and reliability into three levels: minimal, significant or key.
Methodology of Creating a Survey
Based on primary collection of information, analysis of evaluated work activities (Table 1 ) and study of internal regulations, we have set goals and determined main questions for the survey. The aim was to find out, actually to confirm, presence of risk factors such as stress, inattentiveness and not adhering to regulations and technology.
The main question was to find out how much are dispatchers distracted by environmental factors, which take their attention from full attention while performing a task and what stops them from performing at 100%. The basis for a successful survey is, besides determining a goal and main questions, formulation of a hypothesis. We worked with a hypothesis that a large number of dispatchers works under pressure because long term dispatchers are people who cannot find employment in other fields.
Before formulating individual questions, we determined the structure of the entire survey. Based on the theme and goals of the survey, we divided the survey into three parts. In the first part was introduction and reasons for the survey as well as identification information of respondents: sex, age, highest education achieved and years in the position of dispatcher. The second part focused on evaluation of external factors that affect dispatchers' activities (physical environmental factors and organizational factors). It consisted of 7 questions, and each included 3-5 clarifying multiple choice sub-questions (no, partially, sometimes, yes, etc.). The third part of the survey focused on evaluating internal factors and stressful factors. Respondents in this section expressed their impressions and feelings about work activities. In this part, questions aimed to evaluate physical and psychological difficulty of work, feeling of responsibility, questions about experiencing stress and tension, fear, etc. We created the survey at www.iankety.sk, which helped us with creating a layout of the survey, collection and finally evaluation of the survey. We approached 105 employees from ŽSR (Railways of Slovak Republic) in the position of dispatcher, from various parts of Slovakia, from different categories of railway stations. To ensure anonymity, respondents received surveys electronically via email to their email accounts. Respondents could send their filled out survey online and results from responses were automatically summarized and statically evaluated [11] .
Survey Evaluationand Results
A total of 81 respondents, 51 men and 30 women, age from 26 to 60, with average age of 40.7 years, participated in the survey. Average of years worked as dispatcher was 19.
As part of evaluation, we are including questions and answers which yielded the most important results, which identified key and significant influences on occurrence of human error. Table 2 presents self-evaluation of dispatchers in the view work position responsibility in percentage of responses to sub-questions 1 and 2.
Based on these answers,it is evidentthat a majority of dispatchers considers their work to be mentally demanding, where 90.1% from which 38.3% of respondents answered that they find their work mentally very demanding. A large majority of respondents feels that they have big responsibility for human lives and material value. Also 1.3% of respondents admitted a feeling of big responsibility as part of their worksometimes and 98.7% feels big responsibility always.
The following Table 3 presents the most serious findings of our research with information accessibility and regulation comprehensibility. Table contains questions and the percentage of respondents' answers to each answers options.Sub-question 3 and 4 focused on access to information and their timeliness. It dealt mainly with information regarding train trips, changes in regulation and providing rail transportation during planned activities. Results indicate that a majority (approx. 80% of respondents) is satisfied with their services. From answers to subquestions 5 and 6, it is evident that due to complicated and unclear regulations approximatelly more then 70% of respondents has problem occur when employees try to follow them.In contrast, more than 30% of respondents perceive regulations as simple and easy to remember. It is evident from the results that in order to improve accessibility and intelligibility of regulations Slovak Railways should revise its internal guidelines. Figure 3 shows the answers to the questions that we have tried to identify the causes of the feeling of stress, anxiety or stress at work dispatcher. For the evaluation of the area we chose 14 areas. 
DISCUSSION
By evaluating the survey, we have gained information about how specific factors affect performance and reliability of humans and which from the analyzed factors need to be improved in a given working system. We learned from evaluation of the survey that dispatchers perceive their position as sometimes very mentally demanding, with a lot of responsibility and according to some employees not sufficiently appreciated. Despite these negatives, close to half of respondents is satisfied with their current position.
Among our key finding are that dispatchers feel that unexpected work and insufficiently staffed work gives them a feeling of being overworked and they work under time stress. According to dispatchers, a very important fact is that prescribed regulation is not clear, it is hard to memorize and to follow hard in everyday work activities. This problem is perceived by 70% of respondents. To improve application of regulation in practice we suggest that employees performing the work be more involved in creation of such regulations.
Following are clarifications of most important finding and suggestions for improvement: 1. Regulation. As a main problem that causes stress at work, respondents indicated how complicated and unclear regulation is. We suggest updating the regulationespecially the technical part and to evaluate unnecessary teaching and testing of knowledge of safety and other equipment, which employees do not work with and do not come in contact with because it leads to oversaturation by unnecessary information. 2. Overworking. Respondents identified overworking as one of the most important problems and they see that is occurs predominantly during unexpected work. We suggest to increase number of employees at stations and possibly resolve moments of unexpected rush with help from emergency employees. 3. Working alone -fear for one's safety. This problem affects employees at small stations where in majority of cases (during weekends and at night) they are the only working personnel at the station. They have no protection, they have no way of protecting themselves in case of an attack, and buildings are not equipped against intrusions. This is a serious problem and one solution could be to set up an alarm system connected to a local police station. Also, increasing a number of employees to a minimum of two or on the contrary implementing automated tasks where humans would only perform a safeguarding function. 4. Not enough competence. Dispatchers have a feeling that they have more tasks due to downsizing. On the other hand, they were taken competencies, which they would need to more effectively and faster provide transport during unexpected situations. This is mainly competence in relation to technical factors such as dealing with employees from other transport companies. This problem can be solved by changing organization and management of operations. 5. Technical equipment at work place. Dispatchers are missing connection with train conductors. In emergencies they do not have timely access to important information so as to get help, to inform other groups, or to ensure work at the station (connecting trains, turnover trains) and so that they can safely and quickly bring in a broken down train from the rails to the station. In this case, the use of a walkie-talkie might be a solution. 6. Superiors. Subordinates are missing recognition and positive feedback for their work. They are not sufficiently motivated and recognized and from their superiors they mainly receive negative motivation in the form of sanctions and cut in bonuses in case of a problem. In this case, improvement is in the hands of direct supervisors. To improve working the environment, it necessary to positively stimulate and motive their subordinates.
CONCLUSION
We can say that human errors have an important influence on the quality of production processes. Human erroranalysis and subsequent risk reduction are of significant concern for all type of human processtasks found in various industries. By employing a systematic approach to this analysis, humanerror potential can be managed, its probability reduced and risk controlled.Transport in comparison with other areas of national economy takes place under specific conditions. Special requirements are imposed on the entire transport system even though the determining factor is quality of performance of human operators. As a results of failure of a subject in a transportation system are accidents followed by material and economic losses, health hazards or loss of life. Therefore, unreliability of transportation systems, caused by human error, despite technical advances is still very current.
In our research, we focused on identifying factors, which can potentially lead to human error during activities of a dispatcher at a train station. We conducted a survey research, which showed how specific factors affect performance and reliability of humans and which from the analyzed factors in the given working system need improvement. Amongst the most important finding fall expressions of unclear and complicated internal regulations and work processes, a feeling of being overworked, fear for one's safety at small, insufficiently protected stations.
Finally, we can conclude that a long existence of railway transportation (and with it accidents) various efficient control mechanisms have been put into place and practice that lead to a multitude of control functions. When human error occurs, when it is caused by an employee in the chain of transportation, a dispatcher, derailer or conductor, tragic
